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(57)  Anelectrical power distribution system for a mo-
bile platform, and a method for making such, includes a
forming a substrate having a first panel 6 connected to
a second panel 7. The first panel resides in a first plane
that differs from a second plan in which the second panel
resides. One or more bus bars 4 are arranged on the first
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panel, with one or more power electronic devices 5 ar-
ranged on the first panel and connected to the one or
more bus bars. One or more connectors 9 are arranged
on the second panel and electrically connected to the
one or more bus bars. Finally, one or more thermal relief
devices 12, 13 are arranged in contact with the substrate.
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Description
BACKGROUND

[0001] The present disclosure relates generally to
power electronics systems and, more particularly, to
electrical power distribution systems and methods for in-
dependent electrical systems, such as used on aircraft
and other vehicles.

[0002] Electrical power distribution on mobile plat-
forms, including aircraft and other vehicles, is accom-
plished by an electrical power distribution system that
controls power output and signal to primary and auxiliary
systems on the platform. The electrical power distribution
system typically includes control circuitry provided on a
printed circuit board (PCB). Power electronics devices,
such as power diodes, power metal-oxide-semiconduc-
tor field-effect transistors (MOSFETSs), insulated-gate bi-
polar transistors (IGBTs), and the like, may be connected
to the PCB by ribbon bond connections or other connec-
tion devices.

[0003] Electrical power distribution systems for mobile
platforms are designed to reside in a minimal amount of
space. Power electronics devices, however, generate
significant amounts of heat, particularly where high-cur-
rent loads are present, enough to cause components of
the system to fail if the heat is not sufficiently removed.
Accordingly, the reduction in system size is constrained
by the ability to remove the heat generated by the system.
Power electronics devices are sometimes mounted on
an insulated substrate to aid in thermal management.
This arrangementis usually planar, i.e., a two-dimension-
al arrangement, with each power electronics device of
the package positioned on the same surface of the insu-
lated metalized substrate. This design requires a large
amount of space, and often requires extra components,
such as the control printed circuit board and wire bond
or ribbon bond connections.

[0004] Accordingly, aneed exists for animproved elec-
trical power distribution system that reduces the amount
of space required and adequately removes heat from
power electronics devices.

SUMMARY

[0005] Disclosed herein is an electrical power distribu-
tion system for a mobile platform including a substrate
having a first panel connected to a second panel. The
firstpanelresides in afirst plane that differs froma second
planin which the second panel resides. One or more bus
bars are arranged on the first panel, with one or more
power electronic devices arranged on the first panel and
connected to the one or more bus bars. One or more
connectors are arranged on the second panel and elec-
trically connected to the one or more bus bars. Finally,
one ormore thermalrelief devices are arranged in contact
with the substrate.

[0006] Another aspect of the disclosure provides a
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method of making an electrical power distribution system
for a mobile platform that includes forming a substrate to
include a first panel and a second panel, the first panel
residing in a first plane and the second panel residing in
a second plane that differs from the first plane. An elec-
trically insulating layer is disposed on the first panel. A
control circuit including one or more bus bars is arranged
on the electrically insulating layer. One or more connec-
tors are arranged on the second panel. One or more pow-
er electronics devices is disposed on the one or more
bus bars. Finally, one or more thermal relief devices are
arranged in contact with the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The following descriptions should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

Fig. 1is a sectioned side view of an electrical power
distribution system for a mobile platform according
to one embodiment;

Figs. 2A and 2B are plan and side views, respective-
ly, of a substrate for an electrical power distribution
system according to another embodiment;

Fig. 3 is a schematic of an electrical power distribu-
tion system for a mobile platform according to an-
other embodiment;

Fig. 4is a partially sectioned plan view of an electrical
power distribution system for a mobile platform ac-
cording to another embodiment; and

Fig. 5 is a front view of the electrical power distribu-
tion system shown in Fig. 4.

DETAILED DESCRIPTION

[0008] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures. It is to be understood that
other embodiments may be utilized and changes may be
made without departing from the scope of the present
disclosure. In particular, the disclosure provides various
examples related to electrical power distribution systems
on aircraft, whereas the advantages of the present dis-
closure as applied in a related field would be apparent
to one having ordinary skill in the art and are considered
to be within the scope of the present invention.

[0009] Figs. 1, 2A, and 2B illustrate various embodi-
ments of an electrical power distribution system 1 that
includes a substrate 2 on which resides a control circuit
3, including one or more bus bars 4, and one or more
power electronics devices 5. The substrate 2 comprises
a first panel 6 and a second panel 7 that are joined and
that reside in different, non-parallel planes. The one or
more power electronics devices 5 are arranged on the
bus bars 4 of the control circuit 3. The bus bars 4, in turn,
are disposed on an insulating layer 8 that is formed on a
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surface of the first panel 6 of the substrate 2. The control
circuit 3 is also electrically connected to one or more con-
nectors 9 disposed on the second panel 7 of the substrate
2. The substrate 2 is contained within a housing 10, which
includes one or more openings 11 through which the con-
nectors 9 extend.

[0010] The system 1 alsoincludes one or more thermal
relief devices, such as a thermal conduction device 12
and a thermal interface 13. The thermal conduction de-
vice 12 is arranged between the first panel 6 of the sub-
strate 2 and the housing 10. The thermal interface 13 is
arranged between the second panel 7 of the substrate 2
and the housing 10.

[0011] The substrate 2 is a three-dimensional struc-
ture, i.e., non-planar, having multiple facets. In the em-
bodiment illustrated in Figs. 1, 2A, and 2B, the substrate
2 comprises a first panel 6 and a second panel 7 that
form intersecting, non-parallel planes. The first panel 6
and the second panel 7 are perpendicular, or substan-
tially perpendicular. In other examples, the substrate 2
may be formed in a wide variety of configurations, includ-
ing a variety of angles and curvatures. Further, the sub-
strate 2 may comprise a plurality of panels of different
orientations, such as a substrate having three panels ar-
ranged orthogonally. The substrate 2 may be manufac-
tured by additive manufacturing, such as ultrasonic ad-
ditive manufacturing.

[0012] The panels of the substrate 2 are configured to
allow the control circuit 3 and the power electronics de-
vices 5 to reside on the same substrate. In some exam-
ples, the connectors 9 are arranged on one or more pan-
els on which the power electronics devices 5 are not
present. In some examples, this arrangement reduces
the amount of wiring or ribbon connections, allowing ad-
ditional space for accomplishing thermal management.
[0013] In some examples, the substrate 2 is formed
from a material with good heat conduction properties.
For example, the substrate 2 may be formed from Alu-
minum Silicon Carbide (AISiC), a variant thereof, or one
of the many materials commonly used as substrates in
the field of power electronics.

[0014] Referring again to FIG. 1, the insulating layer 8
is an electrically insulating layer disposed on the first pan-
el 6 of the substrate 2. In one example, the insulating
layer 8 comprises aluminum oxide (Al,O3), but may com-
prise any number of other electrically insulating materi-
als, as will be apparent to those in the field. In some
examples, the insulating layer 8 may be omitted, such
as where the material of the substrate 2 is electrically
insulating, with the bus bars 4 being disposed directly
onto a panel of the substrate 2.

[0015] In some examples, the control circuit 3, includ-
ing the bus bars 4, is formed on the insulating layer 8 by
an additive manufacturing method. The bus bars 4 may
be formed, for example, as a cold-sprayed copper de-
posit. A wiring pattern of the control circuit 3 and/or bus
bar fingers may also be formed by cold-spraying a pattern
of copper or another conductor onto the insulating layer 8.
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[0016] The power electronics devices 5 are located on
one or more panels of the substrate 2. In the embodiment
illustrated by Fig. 1, the power electronics devices 5 are
attached to the bus bars 4 on the insulating layer 8. The
power electronics devices 5 may comprise power diodes,
power metal-oxide-semiconductor field-effect transistors
(MOSFETS), insulated-gate bipolar transistors (IGBTSs),
or the like, as may be appropriate or required for a par-
ticular application.

[0017] The electrical power distribution system 1 illus-
trated in Fig. 1 includes a housing 10 that contains the
substrate 2, the power electronics devices 5, and other
components. The housing 10 provides environmental
protection to the system 1. The one or more connectors
9 extend through the openings 11 of the housing 10, and
are configured to receive and/or distribute electrical pow-
er to various primary and auxiliary systems on the plat-
form. The connectors 9 may be pins or other terminal
devices that permit a reliable connection to an electrical
unit 14. In some examples, the connectors 9 are arranged
to minimize the amount of wiring required to reach the
primary and auxiliary systems. In an alternative embod-
iment, the connectors 9 may comprise terminals that re-
side within the housing 10 but which can be accessed
through the openings. In another example, the connec-
tors 9 are formed integral to the housing 10.

[0018] Referring to Fig. 3, the connectors 9 may be
configured to receive electrical power from a power
source 15, such as a generator, and/or distribute electri-
cal power to one or more electrical unit 14 on a platform
16. For example, the electrical unit 14 may be the primary
and auxiliary systems of an aircraft or other vehicle.
[0019] Referring again to Fig. 1, the system 1 includes
one or more thermal relief devices, such as the thermal
conduction device 12 and the thermal interface 13. The
thermal relief devices are configured to draw heat away
from the power electronics devices 5 and the substrate
2 and conduct that heat to the housing 10 or another
destination. Accordingly, the thermal relief devices are
constructed of a material with good heat conduction prop-
erties. In Fig. 1, the thermal conduction device 12 is ar-
ranged between the first panel 6 and the housing 10,
opposite the power electronics devices 5. Other config-
urations are also within the scope of this disclosure. The
thermal conduction device 12 may comprise thermal via
columns, bars, fins, a fluid cooled device, or another de-
vice or geometrical arrangement that may be used to
direct heat away from the substrate 2. The thermal inter-
face 13 is arranged between the second panel 7 of the
substrate 2 and the housing 10, at or near where the
substrate 2 is attached to the housing 10. The thermal
interface 13 comprises a thermally conductive layer or
plate that contacts both the housing 10 and the substrate
2. The housing 10 can serve as a heat sink or may be
connected to other structures that comprise a heat sink.
For example, the housing 10 may be actively cooled, (by
water, air, coolant, etc.), or connected to another struc-
ture that is actively cooled.
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[0020] The electrical power distribution system 1 for a
mobile platform such as an aircraft is constructed with
minimal area and arelatively dense arrangement of pow-
er electronics devices 5. This is accomplished, in part,
by the non-planar substrate 2 that enables an efficient
arrangement of connectors 9 and thermal relief devices.
[0021] Figs. 4 and 5 illustrate another embodiment of
an electrical power distribution system 17 includes two
or more substrates within a protective housing 18. The
system 17comprises a first substrate 19, having a first
substrate first panel 20 and a first substrate second panel
21,and asecond substrate 22, having a second substrate
first panel 23 and a second substrate second panel 24.
Fig. 4, shows a first thermal conduction device 25 ar-
ranged adjacent to the first substrate first panel 20, the
first thermal conduction device 25 comprising an plurality
of interconnected thermal bars. A second thermal con-
duction device (not shown) is arranged adjacent to the
second substrate first panel 23. A plurality of pin connec-
tors 26 extends from each of the first substrate second
panel 21 and the second substrate second panel 24. As
will be appreciated by those in the art, additional config-
urations of a system 17having multiple substrates are
possible and are within the scope of this disclosure.
[0022] A method for making the electrical distribution
system 1 described above includes forming a non-planar
substrate having a plurality of panels. The substrate may
be formed by a number of manufacturing methods, in-
cluding ultrasonic additive manufacturing and other ad-
ditive manufacturing methods. The use of additive man-
ufacturing methods reduces the amount of waste in pro-
duction and, further, may allow the formation of an inte-
grated structure into shapes that would be infeasible us-
ing subtractive manufacturing methods. In some exam-
ples, an insulating layer is formed on one or more sur-
faces of one or more panels of the substrate.

[0023] A controlcircuit, including one or more bus bars,
is disposed on the insulating layer of one or more panels,
(or directly onto the substrate). The control circuit may
be printed or deposited using any number of methods,
including cold spray and other additive techniques. One
or more power electronics devices are arranged on, or
connected to, the control circuit. The power electronics
devices may be attached by any one of a number of meth-
ods known in the art. In some examples, the power elec-
tronics devices are disposed on one or more bus bars
by using a low temperature transient liquid phase sinter-
ing (LT-TLPS) process, which provides an attachment
that is reliable at high temperatures.

[0024] Thermalreliefdevices, suchasthermal conduc-
tion devices and thermal interfaces, as described herein,
are then arranged adjacent to one or more panels of the
substrate. The thermal relief devices and the substrate
may be further arranged within a housing, with one or
more connectors arranged to extend through one or more
walls of the housing, or arranged to be accessed through
one or more walls of the housing.

[0025] Whiletheinvention hasbeen described with ref-
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erence to an exemplary embodiment or embodiments, it
will be understood by those skilled in the art that various
changes may be made without departing from the scope
of the invention as defined by the claims.

Claims

1. An electrical power distribution system for a mobile
platform, comprising:

a substrate (2) comprising a first panel (6) con-
nected to a second panel (7), the first panel re-
siding in a first plane and the second panel re-
siding in a second plane that differs from the first
plane;

one or more bus bars (4) arranged on the first
panel;

one or more power electronic devices (5) ar-
ranged on the first panel and connected to the
one or more bus bars;

one ormore connectors (9) arranged on the sec-
ond panel and electrically connected to the one
or more bus bars; and

one or more thermal relief devices (12, 13) ar-
ranged in contact with the substrate.

2. The system of claim 1, further comprising a housing
(10) containing the substrate, the second panel of
the substrate being attached to a wall of the housing.

3. The system of claim 2, wherein the one or more con-
nectors extend through the wall of the housing.

4. The system of claim 2 or 3, wherein the one or more
thermal relief devices includes a thermal interface
(13) arranged between the second panel and the
wall of the housing.

5. The system of any preceding claim, wherein the mo-
bile platform is an aircraft.

6. The system of any preceding claim, further compris-
ing an electrically insulating layer (8) arranged on
the first panel, the one or more bus bars being ar-
ranged on the electrically insulating layer.

7. The system of claim 6, further comprising a control
wiring pattern disposed on the electrically insulating
layer and electrically connected to the one or more
bus bars.

8. The system of any preceding claim, wherein the one
or more thermal relief devices includes a thermal
conduction device (12) connected to the first panel,
the thermal conduction device comprising a plurality
of structures configured to conduct heat away from
the first panel.
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9. A method of making an electrical power distribution
system for a mobile platform, comprising:

forming a substrate comprising a first panel and

a second panel, the first panel residing in a first 5
plane and the second panel residing in a second
plane that differs from the first plane;

disposing an electrically insulating layer on the

first panel;

arranging a control circuit on the electrically in- 70
sulating layer including one or more bus bars;
arranging one or more connectors on the second
panel of the substrate;

disposing one or more power electronics devic-

es on the one or more bus bars; and 15
arranging one or more thermal relief devices in
contact with the substrate.

10. The method of claim 9, further comprising arranging
the substrate in a housing, the second panel being 20
attached to a wall of the housing, the one or more
connectors extending through the wall of the hous-

ing.

11. The method of claim 9 or 10, wherein the step of 25
forming the substrate is performed by an additive
process.

12. The method of claim 9, 10 or 11 wherein the step of
disposing the one or more power electronics devices 30
is performed via low temperature transient liquid
phase sintering.

13. The method of any of claims 9 to 12, wherein the

step of arranging the control circuit comprises de- 35
positing a wiring pattern and the bus bars via cold

spray.
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